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Abstract
Silicon oxide films have been deposited
by plasma-enhanced chemical vapour
deposition, at glass compatible
temperatures. A multipolar electron
cyclotron resonance plasma (ECR) source
with SiH4/He and N2O was used. The
electrical properties of the films were
determined by means of C-V and I-V
measurements. The dependencies of the
electrical properties on gas-flow ratio and
pressure were investigated. Critical electric
fields as high as 6 MV/cm and net oxide
charge densities as low as 1×1011 ions/cm2
have been obtained for the optimal
deposition conditions. The oxide integrity
versus CVD conditions was investigated by
charge to breakdown measurements.
MOSFETs have been fabricated in order to
test the dielectric quality.
1. Introduction
For large area electronics on temperature-
unstable substrates, TFTs formed inside a
large silicon grain [1] has become an
attractive solution. These devices require
thin, high quality gate dielectrics, obtained
at low temperature. A promising approach
for realising such films is electron
cyclotron resonance (ECR) microwave
plasma. It has several advantages over
conventional rf plasma sources, including a
high ionisation coefficient, low electron and
ion energies, a low film damage deposition
and low process pressure.
Intensive studies have been published on
dielectrics deposited with conventional
ECR plasma source and distributed ECR
plasma source [2]. However, we are
interested in a distinct ECR discharge
configuration, called multipolar ECR [3]. It
has certain advantages such as magnetic
field parallel to the substrate, a tuneable
microwave cavity, and a quartz dome that
reduces the film contamination. To our
knowledge, deposition of SiO2 with
multipolar ECR has not been studied in
detail.
In this paper we focused on studying the
influence of deposition parameters on
electrical properties. The purpose was to
find the optimal deposition conditions, for
dielectrics with good interface and bulk
properties, suitable for large grain TFTs.
2. Experimental
The deposition system, equipped with a
MPDR-300 plasma source has been
described elsewhere [4]. N2O was admitted
directly into the quartz dome. SiH4 was
introduced through a dispersive ring
downstream from the plasma. Deposition
was carried out on 3 inch, <100> n-type
silicon substrates, with a resistivity of 2-5
Ωcm. The wafers were cleaned with a
standard cleaning procedure [4] before
being loaded in the chamber. All films were
deposited at 500oC, a microwave power of
150 W and 5 sccm of 2% SiH4 in helium.
The film thickness ranged between 30 and
50 nm. The layers were annealed at 450oC
in wet N2 ambient for 60 minutes.
The electrical properties of the layers
were determined from C-V curves and I-V
characteristics made with both a mercury
probe system (sample area of 0.53 mm2)
and Al/SiO2/Si capacitors (0.09 mm
2 area).
Reliability measurements were performed
on the Al-gate MOS capacitors.
 In order to investigate further the film
interface and bulk properties, MOSFETs
were fabricated with deposited gate
dielectrics. Source and drain regions were
formed by diffusion of boron into the
substrate. Aluminium was used as gate
material.
3. Results and discussion
In a previous article [4] we presented the
deposition kinetics and the physical
properties of silicon oxide films deposited
with multipolar ECR. High-quality
dielectrics with stoichiometric Si/O ratio of
1/2.05, refractive index in the range of
1.46-1.49 and density of 2.2 g/cm3 were
obtained. In this work we studied the
electrical properties of the films in order to
investigate its suitability for MOS
applications.
3.1. Bulk electrical properties
The critical electric field was defined as
the field that induces a current density of
1nA/cm2 through the film. The maximum
critical field measured with the mercury
probe was 2.5 MV/cm, while for the same
layer, the value measured with Al/SiO2/Si
capacitors (having a contact area 6 times
smaller) was 6 MV/cm, which is similar to
values obtained for thermally grown oxide
(Figure 1). This difference is related to
traps, asperities, weak points, etc. in the
film.
Figure 1. Current density versus
electric field for thermal SiO2 (1) and
ECR oxide (2) deposited at 5 mTorr
and 5 sccm N2O; Al electrode of 0.09
mm2.
The following dependencies on
deposition parameters are obtained using a
mercury probe.
Figure 2. Critical field and resistivity
versus pressure for films deposited with
5 sccm N2O; Hg probe of 0.53 mm
2.
At constant N2O flow, both critical field
and resistivity increase with decreasing
total pressure (Figure 2). Improved bulk
properties at lower pressures can be
explained by increased film densification
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and hydrogen desorption due to a more
efficient energy transfer from plasma to the
film [5]. This is in agreement with the
higher value of the refractive index (1.48)
and the lower hydrogen content obtained at
low pressure of 5 mTorr [3].
 The increase of critical field and resistivity
with decreasing the N2O flow (Figure 3),
for stoichiometric films, can also be
considered as an effect of higher energy
transfer from the plasma. At lower N2O
flows, the residence time in the ECR
discharge zones is longer; therefore the
particle kinetic energy is higher [6]. This
results in a denser, high resistivity film.
Figure 3. Critical field and resistivity
versus N2O flow for films deposited at
18 mTorr; Hg probe of 0.53 mm2.
3.2. Interface properties
Based on the flatband voltage shift,
measured from the C-V curves, the oxide
charge was estimated and its dependency
with total pressure and N2O flow was
plotted in Figures 4 and 5. It can be
observed that while the effect of high-
energy particles on the film is beneficial for
the bulk electrical properties, the interface
is more damaged, at low deposition
pressure and low N2O flow, resulting in a
higher charge density in the oxide. The
change of the charge sign at higher pressure
is under investigation; a possible
explanation arises from the plasma damage.
Figure 4. Net charge versus pressure
for films deposited with5 sccm N2O.
Figure 5. Net charge versus N2O flow
for films deposited at18 mTorr.
3.3. Dielectric films reliability
In order to evaluate the oxide integrity,
the charge to breakdown (QBD) was
measured by injecting a constant current of
5nA through the dielectric layer. The
Al/SiO2/Si capacitors of 0.09 mm
2 area
were used for measurements. Electrons
were injected from the substrate.
The cumulative failure plot, in terms of
Weibull distributions as a function of QBD
were represented for films deposited at
different deposition parameters (Figure 6).
The charge to breakdown decreased with
decreasing the total deposition pressure
(curves 3 and 4), probably due to film
damage caused by high-energy particles.
With decreasing the N2O flow (curves 1
and 2), an increased number of defects-
related breakdown events was obtained.
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Figure 6. Breakdown distribution for
films deposited at 18 mTorr with: 3
sccm (1) and 50 sccm (2) of N2O; and
for films deposited with 5 sccm of N2O
at 5 mTorr (3) and 28 mTorr (4).
3.4. Devices
In order to demonstrate the feasibility of
the multipolar ECR oxides as gate
dielectrics for large grain TFTs [1],
MOSFETs were fabricated. The output
characteristics for a transistor made with a
60 nm thick gate dielectric, deposited at 18
mTorr, with 3 sccm N2O, are presented in
Figure 7. It exhibits a threshold voltage of -
2.5 V, low gate leakage current and high
mobility, comparable with the transistors
made with thermal SiO2.
Figure 7. IDS-VDS characteristics, gate
bias swept from -3 V to -10 V, in -1 V
steps, (L/W=100µm/600µm).
4. Conclusions
High electrical quality SiO2 films with
critical field of 6 MV/cm, resistivity of
1016Ωcm and net oxide charge density in
the order of 1011 cm-2 were deposited by
multipolar ECR plasma source. In order to
optimise the process, the effects of
deposition pressure and N2O flow on
electrical properties were studied. We
explained the opposite variation of the bulk
and interface electrical properties with
deposition parameters, based on film
bombardment. The charge to breakdown
measurements revealed an increased defect
density for films prepared at low N2O flow.
Preliminary MOSFET transistors were
successfully fabricated. The process was
found suitable for low temperature TFT
fabrication.
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